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I. SUMMARY AND CONTI'SION

To project men and supporiing equipment from a ,taging base which
at best could be an available friendly foreiem base, or at worst must
be the territorial Unit.d Stetes, Lo all ple-*s of interest to the
United States requires a strategic basing concept which is compatible
with the tactical force's terminal objectives. This .2 due to tke
fact that the terminal activity of a tactical force will in general
be constrained by the logistic characteristics of the strategic
basing concept used.

Ar important characteristic of any strategic tasing configuration
is its response time to a terminal mission objective; that is, its
ablility to project a tactical force tc the “neater of operations and
engage the enenmy successfully. There is an implicit trade-off in this
situation be cween the logistic characteristics of the basing
configuration defined by response time and the tactical force
required *o achieve success. Usually, the fasier the tactical force
is projected, the less tactical force in terms of men ard material is
needed to successfully contain the situation. However, the quick
strategic response time csn only come with high.coet strategic systems,
(n th> other hand, slower esponse time while cheaper, requires more
tactical force systems becauge the enemy action has come closer %o
becomin~ & ‘fait accompli.! The ideal situstion would be to be able
to prolect just encugh limited war forces at sufficient speed tc deter
the opposition from scting at all.

Abother trade- ff influerncir, strategic resction time is the
disposition of deployed limited war forces throughout the world and its
effect upon the terminal mission objective. It is true ithat the closer
the advance base is tw the epemy thrucst, the shorter the strategic
reaction time to meet the thruet froz this advanced base. However,
the pumber of limited wvar forces stationed ip a deployed staote at this

base is also ixportant. To quickly deploy intc combat insufficient forces

from an sdvanced base might result in wot accorp.ishing the desired
objectives (e.g., a successful containment of the enemy) at all. In

-
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this case, exi-ting limited war forces would nct only be wasted but s
suczessful campeign could be further deleycd in time because the
situation would require the use of forceg in excesc of a well jlenned
oreration in order to achieve the desired resuits. Thus, we see that we
are deoling with a problem characterized by geographical, spatial and
temporal parameters, limited war force size& and their correspoading
deployment response times,terminal mission force objectives vis-a-vis
the enemy threut, and logistic i olumetric weight and velocity
constraints. The purvose of this study then, was to synthegize these
parametere intc a working mathematical model which hopeiully wouwld
demonstrate not only the many poesible trade-offs avajilable to the
analyst, but a proper measure of merit in which to judge the myriad

of scenario possibiiities inberent in the strategic basing problem for
limjted war forces.

The mocel used war the same as.the model developed in Volume I cf
this study (see Appendix A or Reference 1). This was made possibl= by
the fact that the d=ployment of limited war forces whethe:r tactically
op the vattlefield or cirategicelly on or ahbove the surface of the
esrth, have very simiiar mathematicel structural characteristics.
Therefore, with a reinterpretation of the Volume I model iiput
variables, it was pcesible to analyze the strategic problem in basing
limited war forces in a manner general enoyigh te ,ield significant

results.

Three scenarios were sequentially considered, each characterized
with increasing complexity. Tke first scenario was ¢ sinple response to
an sggression of a given terminal sccess aree(TA). The response to tnis
segreygion was In toe form of an attack Crigineting from the cone of the
intertor {ZI)and/or an attack from prepc.iticned forces stationed at an
advince base (AB)near the ;A. Since the responder did nct pecessarily
inov which of the many possible TA‘e would be Ipvaded, a penz’ty was
imposed upin Jhe responder if he decided to utilize AB's fcr prepos!tioning
of hlis force for guick response. This penaity reduced the number of pre-
positioned forces at an AB in propertion to the increasing numver of
AB's required. Ko such penalty wvas imposed if the responder decided ‘o




utilize a ZI basing policy with much slcwer response. The aggressor ;
wvas allowed a tactlcal choice of sttacking en masse anq/br at a piecee- ' ~f
meal dally rate of flow with a fixed number of forces. ‘The resulis of
this analysis indicate that for a single, terminal access ares conflict,
the advantage gained by having "quick" response-time iz lost as the
amount of rescurves {limited war forces) which can be deployed becoms
smaller. Therefore, the stationing of forces overseas, if the
responder must spread his torces over many theaters of cperations, is
not justified. °f course, it can also be assumed that given emcugh
time ali the forces available to the responder at advanced bases
could be recomnitted into the conflict area, uwus removing the
disadvantsge of precommitting forces to advance bases. This was the
second scenaric abstracted for analysis. The results of this recqmmitment
scenario indice .ed tiat significant decision levels and correspo. ling
thresholds exist (see Reference 1) which can be functiorally related
to the factors of distance, time and forces which characterize the
scenario. Because of this, it was felt that tke analysis of a reaiistic
scenarioc which would A~fine gpecific distance/time characteristics would L
'be pertinent. This scenario reprer-nted the third and final analysis
of this study and was entitled: "A War In Southeast Asia.”

This scenario is derived from a significent and real world situation
which was uged as the basis for the analysis of the force structure,
firepower and logistic characceristics of the strategic basing problem
for limited war forces of both the United States of America snd the
Chinese mainland. Three general terminal access sreas (TA's) weve defined.
They were: (1) India/Burra; (2) Korea; and (3) the general area defined by
Thsiland/Laos/Cambcdia/S .th Vietnam. The United States can counter such
s threat in two ways. The first by resisting the invasion of the above
Acfined terminal access areas (TA's) by the projection of troops from the
zone of the interior (ZI) and/or an sdvanced base such as Havaii, Formosa,
Okinawe, Philippines, Japan, horea and Soutli vietnam. These latter two
advance bases (AB's) are also TA's. The second method c¢f resisting the
Chinese mainland's peripheral expansion would be to directly attack
China's heartland and force her to recommit her Torces back to the
homeland in its defensce, This latter decision might force Chirs to




retain some of 1ts forces to defend the hcmeland directly, rather than
recommit some or all of ite forces after the lnvasion of the TA’s. Thua
we heve a two-sided game with the above strategic cholces avallable to
cach side. \

Baged upon the sbove scenario the follgwing question was asked:

Is it possible for the Umited States, the defender,
ts present a force posture (1i.e.,in terms of number
of men, firepower, response time, and Jogistic
support) such that China, the attecker, would never
comalt all of itg forces tec the invaslon of the TAts
for optimal pi-y of the game, if China was forced
{or constrained) to commit only part of its forces
to the invesion?

i

It the United Stales could present such a force pokture, it could
be sald that the United States effectively deterred China, the attacker,

provided Chins was acting in a rational manner (ss defined by her cptimal
play of the game), For if China intended to attack the TA's {this
intention being defined in methematical model langucze as a constraint
vhich in effect forces China to commit some of its forces against the TA's),
and then examined its opitimal strategy to comuit its remaining forces

and found that such a strategy was insteud & defense of tiie homeland, cne
can question Ching's feeling of superiority while commdtting an aggressive
act. In other words, China's aggression, whether intentional or not, and
if properly deterred as defined shove, would be stahilized in that her
remaining forces wculd not be committed if the pley of the game was to
remain optimal (rational). If China was irrational, then the United
Stetes would hove tu present a force pocture %o China much in excess of
Ccterrence euch that China's degree of irrationality could be effectively
lowered. This excess is not necessarily more deterrence, (which is
possitle because deterrence has been quantized in this study) but rather,
could be wore superiority (also quantized in this study). Deterrence,as
det'ined above, is a weaker criteria than the achieving of s winning campailgn.
In fact one can achieve deterrence and still lose the campaign if
deterrence fails becavse the threat is irrational. OCbviously, force
postures which result in deterrence but not the winning of a campaign

(if fought) can be dangerous in the real world. Cn the other hand
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deterrence and tha successful conclusion of the campaign can be achieved
even 1f the sggressor mctea irrationaily.

The results of the analyses performed in this study can now de

tabwiated as follows:

The cdefender {or responder to aggression) must

vresent a credille force posture for deployment

against the aggressor.
By this ctetement it is mesnt that the V. 5. must be ahle to deploy
sufficient forces and effective firepower tc the TA's defined in the
sceuario to allow the sggressor the analytic cepability of measuring its
military cffectiveness of continuing a conflagration once thils confleg-
ration has been suarted, If the Y. S. commits an insufficient number of
forces (plns effective firepower) no matter how fast into a TA, or cen
only deploy an insufficient awber cf forces {rom nearby AB!s, such
forces will not only tend %o be wasted, but the insufficient deploymrent
might cause the aggressor tc escalate the conflict by committing even
more of its Torces into the conflagration om the grcunds that to dc so
would represent an cptimum allocation of its total forces. .

The defender does not deter the aggresgor by

presenting a force posture against the aggressor

of parity. The defender needs a superior

force posture for deterrence,
Jy parity it is meant that the defender has sufficient forces and effective
firepower in a deployed state to result in a stand-off sgeinst a
putential aggressor. The sbove result is true only if the effective
firepower deployed against the sggressor by the defender iu deployed
uniformally egainst all the possible invasion ereas. If on the other
hand tre defend-~ deploys its effective incremental firebower against
the aggressor's homeland only, then it is possible to deter the eggressor
without having sufficient forces in a deployed state to be victorious.
This is the so-called "Dulles Deterrent Philosophy” of the 1550's.




An ovarseas advance basing policy for the

precommitment of forces seems to have merit

only when the defender's total deployable

force posture is inadequate to deter the

aggressor and provide victory,
Once superiocrity and deterrence are achieved by the defender in terus of
deployable forces to meet the threat, there seems to be no functional
relationship between advance basing characteristi~s avallable to the
defender and the pay-offs defined by the Southeast Asia Scenario. In
fact oace deterrence has been achieved, a zone of the interior and/br
single advanced base basing concept is the proper one.

The dz2creasing of the defender's response time

to the sggressor's invasion, if the defender has

sufficient deployable forces to achieve deterrence,

can degrsde this established deterrence.
This swprising res. . 1s revealed when one examines the decision surface
for both sides gererated by the mathemeticel model describing the Southeast
Asia Scenario where the defender's response time to the aggressor's
invasion is allowed to go to zero. The ebstract model interprets this
situation in terms of the stability of the decision surface which in
effect states that as the defender’'s response time is lowered (for the
defender's deterrent force posture), the aggressor becomes more "trigger
heppy" and is iess likely to maintain split forces if for some reasor
he was constrained to spiit them st the outset (forced and/o  atended
to invade terminal access areas with part of his forces).

Summarizing the above, one can state:

The problem of strategic basing must be tied to the total U.S.
forces projected sgainst the aggressor and not Jjust the
limited order of battle proj)ected by the Navy/karine Corps.

The interface problems asscciated with combining the Marine
Corps with the Army in projecting a total U.s. Force posture
overseas seems as pertinent as the wedding of the Army with
the Air Force utilizing the USSTRICOM concept.

There is more consistency in strategy, when attempting to
relates an advance basing policy/limited war oblectives, to
project total U.S. forces from the zone of the interior than
10 precommit some of the U.S. forces to many overseas
advanced bases.

e




In some circumstances, it i. not only sufficient to use
conventional modes of transpor tation (e.g., surface shipe)
to project suificient total U.3. forces in defense

of our interests overseas, but alsc desirable.

Cortrol of the seas is mandatory!

This enalysic indicatea that the USSTRICOM concept of

deployi g forces to meet a limited war sggression over-

seas has several questionevle areas rvegarding its cperaticnal
effectiveness. This concept not only reduces the effective
military force that can be projected due to the weight
limitations characteristic of air transportation and is
extramely expensive as compared tc conventicnal modes of
transportation, i’. also degrades deterrence.™

The Indian Ocean Tasx Force for the purvose of projecting
limited war forces in the deferse of India eppears to be

of questiongble vrdue if the mission of such a task force

is to protect India i.om & Chinese threat. The nuroer of
troops and firepcwer reguired to deter China 2snnot possibly
be stationed aboard such a task force,

A nonmilitary solution to the limited war/counver insurgency
problem might be provided for the long range time reriod,
Studies should be made to determine the reasoiis for the U.S3.
to be committed to overseas nationalities and whether more
flexible international policies can be made possible, esp.cially
those alternatives which do not depend only upon military
solutions typified by the 3Southeass. Asian Scenario analyzed in
this study.
The last conclusion s.u, zeste to thie writer that if a change in owr I{oreign
policy werc possible, it could come sbout by re-cxamining this country's
economic requirements as it .. essitates relations with gevernments
ceyond the zone of the interior. Since the United states depends upon
import. for part or most of its indusirial raw materials, a significant
factor in supporting the present "interdependence policy™ with the {ree
and not sc free world, coulé be the maintaining of the sveilability of
these needed raw materials. An alternstive solution could be for this

country to replace as many of these raw materials as possible by

*The definition of deterrence is dofined in section II, E, 2, ¢ of
this study. The above USSTRICOM concept (when compared to normel
modes of ilimited war force deployment) actually roduces the decieion
threshold (the meesure of deterrvence) of the aggressor 1n committing
all his forces to the sggressior if for any reason he was forced or
intended to commit & part of his forces.

RO,




developing other sources for the materials. The oceans of the world are
probably a potentiasl source of many of the materials we need. Therefore,
a systemetic sxploration of these large bodiea of water could be the answer
to this country's forelgn policy dilemms, such policy, although successful
in Burope, appears to be inadequate fo; Asia. TFor if the United States
could replace any or all of its raw material requirements from oceanic
sources, we cowuld begin to use economlc rather than military pressure to
achieve our desired foreign policy objectives. Also we could blunt "once-
and-for-all" tpe foreign pol..y objective of a Sino-Soviet Bloc, that is,
to isolate thie United States both politically and economicall, from the
rest of the world.
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II. THE STRATEGIC BASING OF LIMITED WAR FORCES

A.  INTRODUCTION

To project men and suprorting equipment from a stagin, base which at
best could be an available friendly foreign base, or at worst must be the '
territorial United States, to all places of interest to the United States
requires a strategic basing concept which is compatible with the tactica.
force!'s terminal objectives. This is due to the fact that the terminal
activity of a tactical force will in general be constrained by the logistic
characteristics of the strategic basing concept used.

An importeant characteristic of any strategic basing configuration is
its response time to a terminal mission objective; that is, its ability
to project a tacti 4l force to the theater of operations and engsge the
enemy successfully. There is an implicit trade-off in this situaetion
between the logistic characteristics of the basing configuration defined by
response time and the tacticul force required to achieve success. Usually
the faster the tactical force is projected, the less lactical force in
terms of men and material is needed to successfully contain the situation.
However, the quick strategic response time can only come with high cost
strategic systems. On the other hand, slower response time while cheaper,
requires more tactical force systems because the ene. - action has come
closer tc becoming a 'fait accompli.’' The ideal situation would be to be
able to project just enough limited war forces at sufficient speed to deter
the opposition from ecting at all.

Another trade-off influencing stretegic reaction time is the disposition

of deployed limited war forces throughout the world and its effect upon the
terminal mission objective, It is true that the closer the advance base

is to tlhe enemy thrust, the quicker the strategic reaction time to meet

the thrust from this advanced base However, the number of limited war
forces stationed in a deployed state at this base is also important. To
quickly deploy into combat insufficient forces from an advanced base might
result in not accomplishing the desiied oblectives (e.g., a successful
containment of the enemy) at all. In this case, existing limited war
forces would not only be wasted but a successful campaign could be further
delayed in time because the situation would require the use of forces in

nieite L BE
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excess of a well planned operation in order to achieve the desired results.
Thus, we see that we are dealing with a problem characterized by geographical,
spatiel and temporal parameters, limited war force sizes and their corres-
ponding deployment response times, terminal migslion force objectives vis-a=
vis the enemy threat, and logistic volumetric weight and velocity
constraints. The purpose of this study then, is to synthesize these para-
meters into a working mathematical) model which hopefully would demonstrate
n.:t only the many possitle trrde-cffs avallable to i analyst, but a

proper measure of merit in which to judge the myriad of scenario possibilities
inherent in tb~ strategic basing problem for limited war forces,

B. STRATEGIC BASING CONFIGURATIONS

The strategic basing configurstions available to the militarv .lanner

for future limited war forces can be abetracted as illustrated li Figure 1.
From the zone of the interior, (2I), limited war fu..2e can be deployed into
the tleater of operatlons via surface, subsurface, and/br air trexsport,
either directly into combet or prepositioned to an advanced tuse and then
to the terminal access or the conflict area. The mission objective of
such a deployrent of limited war forces could be simply stated as

to galn access to

to control

to possess
a glven geographic area of interest to the United States. Figure 1 defines
four different spatial characteristics pertinent to the s{rategic basing of
limited war forces, The zone of the interior Sgil refers to the many
bases located in the continental United States whose responsibilitles are
to initiate and organize limited war forces for disposition throughout
the world. These cperational forces cai: be located elther in the ZI or at

some advanced base in « theater of operations. Some of these forces can

be assigned to the fleet operaiing as a moving advanced bage oversems. The
logistics connes~ting the ZI, theater of operations, and teminal access
consists of air, sea, and/or underwvater transportation and is directly

responsible for the strategic deployment of lim!ted war forces (trocps and
supplies) throughout the world. The terminal access renresents the conflict
area. It should be poted that the aegree ¢ success in accomplishing the
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mission objectives assigned to the limited war forces when depioyed to this
copflict area will in general represent the measure of werit for the
complete operation (both logistic and military). 1In what manner should
limited war forces be strategically deployed throughout the world, how fast
anc in vhat quantity should these forces be projected into the conflict
area Jor any given eénemy thrust or thrusts wil be the proper concern of
t#+is study. The techniques to be employed will ve very ~imilar to those
outlined in the previous volume.” That is, the mathematical structure of
the above formilated problem will be of more inverest to this study than
pumerical evaluations of specific limited var ecenarics, The extent to
wvhich this objective can be acccmplished will depend upon the success to
which a methematical model can be developed to fully represent the essence
of the above ‘strategic basing' problem.

C. THE MATHEMATTCAL MODEL

The development of s mthematicla.l model to enalyze problems associated
wvith the strategic basing of limited war forces is suggestel both from
Figure 1 and the results of Volume I, the volume dealing with the assault
pbase of the amphibious/vertical envelopment operation. Since the measure
of merit tO be used must reflect the cutcome of the assault operation as it
was functionally related to the strategic basing concept employed, some
form of Lanchester's Egquation might be appropriate. The attacking force
y (as oppose to the defending limited war force x) initiate the sction
by an invasion of the terminal access area. The y forces invade this
area at a given rate, ry(t_) > 0. The defending force x responds to this
attack at different response times tZ.I and/or t,_, depending upon x's
initial disposition of limited war forces either in the zone cf the Interior
or at an advanced base. If we dafine the pormelized rates of attrition for
x and y as a and b respertively, s sisplified model of the strategic
basing coufiguratioa {assuming th. spatial characteristics of the operation
car be spproximated dy one zone of *he interior (Z7) base, one advance

%3ee Appendi: A, page 62, for a brief description of the techniqu: or the

material in Refcrence (1) for & fulier description.

R
*,
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base (AB) base, and only one terminal access ares) can be defined as follows:
?‘ry-ﬂb-tu)%u %I-Jt_t@)%mxﬂ

= sMt-t )by

iAb =« Nt - tAB) by (

where x(t=0) = xZI(O) + xAB(b)

t
y(+) =£[\ ry({)dg minus sttrition losses
0

Oats T, where T is y's invasion cutoff time

o+ |

1 t e

Alt - t) = o T =t t

t<t’ ZI’ "AB®

The easiest way to solve these equations is to subdivide the time
domain into three zones such that equations (1) y.cld continuois solutions
in the time doms " chosen. The pertinent tiwe domain yielding continuous

solutions i
<
O0st tAB
<
tAB 2t tZI
tr ®t L . (2)
The ghove time domains assume tAB < tZI‘ If for some reason tZI < tAB’
then the indices in equations (2) should be inverted.
The & "utions now follow:
Case I: O&ts tAB
‘:’ = I
Yoot (3)
w2y = [ v (8) at 7
o hj
O i
)
x5t - IABO Ot <ty
orlt) = Xy

0 (%)




1k

AB zI

y=ry~ aAD XAB

i:—by (5)
where

t
viog) = [ B 5, (8) a8
J

{ -
X0 (tap) = Xp1 .

Solving equations (5) using Laplace Transforms, wc ha.e:

8y - y(tAB) =T, - X

¥
8X,_ -X,. =-Dby.
4B ABO (6)
Rewriting equations {6) and solving algebraically, we get:
Il / - (t \
/ 8 aAB Y I‘; + Y\ ’
! 3 =
b 8 X X
AB AB
\ ,/ o /. (7)
Let &, = s?’ -a, b . (8}
2 AB . /
Then .
~ 1 r (t )‘, 3
Y 5 < ire+y i B -~ B, X
- 1
X,. = 5 31X 8 -~ +ylt )] b} c
AB 5, 'TAB, L AB” | . (9)

The pertivent Laplace Transforms are

a
sirh at & —p———r
52 - a2

[#]

cosh at ¢




T TS

i A2

The solution to equations (9) in the time domadn tAia' <t7< t.. cin be written:

YA Y
y(t) = y(tAB) cosb ./amﬁ‘t- Cy ‘(.AB sinh ./aABE‘ t
5 o «
r~ s
-l W
+ L - {_..:__ .
5y

c

xAB(t) = XABO cosh ‘/aAB S*bv\r‘g\ y(tAB) sinh /& Bt
‘ “AB

.1 fb T~
-L L'?i"}3tm5t<tz1 (1)
The last term in both expressions of equations (11), L'l{.}, denotes
the inverse Laplsce Transformation of a function of rs»;(-——% ry(t) vhich
represente y's thrust into the terminal access or combat area. An example
of this type of time function would be a step or impluse function; a cconstant,
an s=-shaped curve, etc,

Cage IIX: tms t

¥= T, -8 Xig - 81 %op

X, = - bay |

,A‘B where (o4 y) = 1.0

Ygr = - W (12)
vhere

‘4 = 19 - _\ 3 s G
}(tZI) y(‘AB) cosh JaABS\ o \f&m xABO ginh faABf‘ tyr

-1 T:;GA
L {*'s;—}t;tm

xAB(tZI) = xABQ cosh Jams\ﬁn‘-g y(tm) sinh ,/aABB‘ tyr
AB

b
-1{ Yy
-1 -5
2 }t = %
I

A}

xpp (%, " = *a1,.

v
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Again using Leplace Transforms we convert equations (12) inrtc a set
of algebraic equations:

o~ . A -t 'jﬁ
2y "(*’z:)'" Tg - Sup Xap ~ 87 Tpp .
sxAB- M(t )u-bay

s’im-‘-x(tzz)n-byy (13)
Rewriting ln matrix form

3 . au.

y v+ ¥(tyg) |
ob s 0 EAB = %,p(tp1)
Yo o s \ Ty [ xpyleyy) (14)
Let 8, = 8 - b(as,; + va,,) 5. (15)

Then

443

- %3 { [’f‘y + y(t,0) ] 82 -[“u(tm) 8, + xm(tm) am] 3'}
%-3 {XAB(tZI) 32 + d‘tZI) @t 8y xAB(tZI’ Yb L

- [1?4- y(tZI)]a b s }
%’3 {xZI(tZI) .2 + xAB(tZI> YL 8 [1‘3- + y(t ZI'] vbs

- xil(t?-I) abd 8 } . (16)
Transforming back to the time domain

gnl

y(t) = y{t,,) cosh /{a s tY8 )b ¢

[xﬂ( )GZI+X (tz’I) AB] s:lnh/(aami-ygu)b\ t {

S Mreu)b
I“"S
) -
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xAB(t) - XAB(tZI) ~3sh /z@' B.AB +Y &ZI) b t

*u[“ Xypltpg) = ¥ xAB(tZI)] {

(@ ay+va,)

Kd

+

cosh v/ (o By * ¥ AZI)—b\ t - J.}

xZI(t) = xZI(tZI) cosh v (a 8 *Y aZI) by t

@ "zx(tzx)“”‘m(tzx)] . ‘
* (do +va,.) {osh/(aaABfYazx)ﬂb b l}
Y v \ ¥ ¥(ty) st /lae Ty e ) BN ¢
(@8, +va,,)

¥brve
-1 .
L 3 }, tZI s t. (17)

Figure 2 summarizes eguations (4), (11) and (17).

CGeneralizations of the equations shown in Figure 2 can be made by
assuming an arbitrary number of bases utilized by x in the deployment of
linited war forces throughout the world. Also y can project his forces
into more than one terminal access areas at any given time period and in such
a manner as to cause x the inconvenience of committing forces tc the
wrong accegs arca (spoofing). In this way y cen achieve a terminal access
ar¢s objJective with a minimum of resources. To handle such problems, the
mod:sl developed above can be extended tc include n bases for deployment
of x forces, i.:z., X9 Xg 0 o 0 X and 1 possible terminal eccess areas
available tc y, i.e., Yy0 Yo o 0 0 e In order to simplify the resulting
differential equations, we will assume that x will deploy forces
to each y,; J =1 tc m from a given subset of the n available bases
vhere no gm will deploy forces to more than one access area. If more than
one s.cesp arce 1s belng countered by one of x bases, then a different
base at the same geographic locstion can be defined for each terminal
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access being countered. This not too constrairing essumption will allow
ug to uncouple each of yj's attrition rates leaving these rates a

function of some subset of x's n bases.

i o




D. A NEW INTERPRETATION OF THE ASSAULT MODEL

With the gtatement of {he problem uf strategic basing of limited var
forces in the previcus sections of this study snd the construct nof a
zathematical model to reflsct the real worid problem in an sbstract mamer,
ona cannot belp but notice the gimilarity of the equations summarized in
Figure 2 and the assault model developed in Volume I of this study. To
illustrate this similarity, let us develop a scenario based upon the
equations of Flgure 2, only in the format of the assaul - model of Volume I.

Let y with an attrition rate b invade a terminal access area (TA)
wniformly in *ime. Assume the existence of native resistance to y as y
proceeds to occupy more and more of the terminal access area as a function
of time (e.g., as measured in days). Let x have a vital interest in
supporting the natives ia their resistance to y. To accomplish x's support
his forces are prepositioned within che defined theater of cperation (AB)
and have available forces in a state of readiness at home (ZI).

Allov more than one theater of operation (AB) and if x prepusitions
his forces at sdvance tbases, assume this allocation of limited war forces
must be divided equally amongst all the theaters of operaticn. Given the
order, x's forces with an attrition rate, & can respond to y's invasion
after & given time wvhich can be functionally related to tiz stste of
readiness of x's forces, the speed of transp .tation available to move his
forces, and the distance of the terminal accosg area to the location of
x's preposi’ ‘oned and/cr combat-r»ady forces. Based upon this simple
sctepario, one can ask the following questi-us:

Hov much of his total force should x preposition in the

theater of operations adjacent to the terminal access
areas vulnerable to invasiont? ‘

What response time to y's thrust should x use in conjunction
wvith the allocation of forces doth at the advance base (AB)
and the zone of tbe interior (ZI)?

What effect does the attriticn rates & and b have ypon
x's allocation of forces!?
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Gi o a native resistance in the termirxl access area,
at vhat rate and in what quantity should y plan to
inject forces intc the terminal access area in order to
achieve success against not only the nativeg but x as
vell?

What consiitutes success (or failure) for each side, and what
type of pay-off function adequately measu-es each side's
objectives?

Note that the scenario described above does not define a realistic
allocation of forces for y. Ome can give y an allocation by assuming a
certain pe.centage of his forces are projected into the terminal access
ares at the time the invasion iz initiated and the rest of y's forces
following at & constant daily rate until y's total force has been deployed.
If we let the percentage of y's force instantly deployed ru: the gamut of
possibilities (i.e., from O to 100%), then a derision surfsce can be
generated. The problem with y's allocation decision is that intuitively
one can see no disadvantage to the deployment of all of y's force when the
invasion is initiated. Howsver, from & constreint point of view, y might
not be able to deployr all his forces immediately and therefore, it would
be of interest to determine if any =inimum rates of deployment for y A
exist in order to achieve a successful objective. As for x, there are
both advantages and disadvantagec in the spactrum of allocation choices and
‘a-'rea.liatic game- “heoretic solution exiats.

As for the pay-off for both sides, one would be tempted to use the
sane may-offs defined in ithe Asspault Model of Volume I. That {8, the time
length of battle (in this case the time length of ~ampaign would he
appropriate) and the number of excess survivors of the winning side for a
given threshhold of survivors for the losing side. The time length of
tattle criteria would be more applicable to the weaker side, whereas, the
numer of excess survivors would bte a more gppropriate measuTe of succesg

for the stronger side.

Pigure ] susmmrigzes & staondard case for the abtHve defined scenario and
Pigure 4 yields the results of a machine run of this scenario using tae
assult model. The columns of Figure 4 repregent the allocation of x to
the advance base (AB) starting vith the 100% allocation on the left. Above
thege columms are shovn the number of forces actually deployed iato battle
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Allocation of

Y = 1000 where n is

n dgtermined oy
5 = nodays 1Z;Yi = 25,000
63 = 2 davs Yy = 1000
62 = 1 day 5 = 1000
61 = 0 I, = 1000, 3500, 6000 ... 25,000

ttrition Rate b = .01

Native Forces

1t

10,000
Attrition Rate = .201

L] . =
native

Note:

Assume two advanced
bases with only one
seing able to res»ond
Attrition Hate against y.

g1t Fyg = 20,00
Allocation of Xpy = 0, 5000, 1C,00C ... 50,000

£llocation of xAB = 0, 2300, S0 25,000

rrj'
p&-
2
7
Lz
£

INGLE INVASIUS SCENARIO nAS D UPON THE ASSAUL: MODEL
F VOLUME I
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Figure 4., N'MBER OF x SURVIVORS AND LENGTH OF CAMPAIGN IN DAYS FOR THE
y INVASION ILLUSTRATED IN FIGURE 3.

(35000) (37500) (40000) (42500) (L5000) (47500) (50000) (52500) (55000) (57500} (60000) .. ol
a; Survivors (men) A
21977 26490 30352 33868 37167 40319 43363 46326 49225 52075 9491l
21521 26116 30016 33554 36869 L0031  43c82  L60S1  LB9SS 51808  subsk
21073 25752 29691 33252 36581 39753 LeBle L5787 L8696 51552 skkoT
20633 25k00  2937€ 32962 36305 39487  Lessk 4553k 38337 51307 54170
20202 25060 29077 32682 36040 39232 43206 45291  LB209 51073 539kb
19466 24732 28788 32415 35786 36988 L2069 45060 L7982 50849 53729
19370 2uk17 28511 32145  355L4 38755 41843 LLB4O L7705 50636 53505
18969 2s115 28247 31616 35315 38535 162k LLE30 37560 50433 53331
18581 23626 27997 31686 35100 38329  L1k20  LLu29  L736h  so2ke 53141

b) Length of Campaign (days)

1Lk 119 10k 93 85 9 Th 69 65 62
147 121 105 oL 86 9 T4 69 66 62
150 122 106 95 86 80 T4 70 66 62
153 12k 107 95 87 80 75 7 66 63
156 126 108 96 88 61 75 70 66 63
159 izt 109 97 83 &, 75 T 67 63
163 129 110 101 83 82 76 Tl 67 63
146 130 111 94 89 §2 T7 71 67 N
S EE R R B R B B E

c) x's Casualties
13223 11010 264y 8632 7933 7181 6537 6174 5TT5 5425 5088
1379 1138 $98k  Bgke L3l TG 6918 sML9 KOS 5692
13927 11768 10309 928 &9 777 1188 6Ta3 6304 3w8 (53
1367 1200 10622 9538 8695 B013 The6 6066 6553 6193 (5830
798  124ko 10923 988 8950 B3 Te9R T ;
15524 12768  11zkc 19085 921k 8si2 7931 7
15630 13083 11489 10355 9456  BT8T  B1ST 7860
16031 13385 11753 1058k 9685 &5 83T 78TO ,
[16819] (1367s J(weo03) [0&1k] o] [o173] (8580 [Bor] (7636 (150

3
N
9
@
]

3
5
g
(o)
g




by x (this in~ludes pative resistance). Since this number is a variable,
(Figure dc) was included to indicate casualties rather than survivors

because it "ms felt that the casualty pay-off to x would be more meaningful.
The rows of these matrices (Figure i) represent y's invasion of the terminal
access. The first rcw indicates the result of a linear flcwv of forces

(1000 men/day). The second rov indicates the same linear flow of troops,
howeve,, the first dsy 2,000 men initiate the invasion. The third row

again indicates 1,000 men/day flow of forces, howvever, the first day is
increased to 3,000 mep. This process is repeated for nine rows.

The optimm (min-max = max-min) strategy for both sides is in the
lower right-hand corner of Mgure 4b ani ~«., That is x should statiocn
his forces in the zone of the iuterior ZI}and y should inject as many of
his forces into the invagion the first day a8 possib.c., Wust i3 even more
important is that the surfaces (both casualties and campeign time) contain
no decision threasholds which are different from the basic strategies X
Aiso, x's response time is insensitive to the vay-off as defined by lengts
of campaign. However, x's total number of forces deployed tc the terminal
access area influenced the rptimum pay-off consider~b®ly. OCre questions
the wisdom of stationing forces overseas for the purpose of responding to
a8 gingle threat if these forces must be spread out over msny theate:fs of
operations. However, the real world contalns many terminal access sreas
as potential limited war threats and splitting forces between overseas
theatsrs of operations(AB) and tI.. zone of interior (ZI) may have a
retionale, The purpose of this study then {s to determiue under what
conditions the stationing of limited war foreoer at advanced bases Gverseas
becomes desirehle if the prime purpc e of such depioyment is to counter
enewy thrusts into many potential teminal access areas over the earth,

; .
See gppendix A for the defimition of decision threshelds.
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E, THE STRATEGIC PRCBLEM IN BASING LIMITED WAR FCRCES

1. The Recommitment Problen

The results of the last section illustrate the problem in its basic
simplicity. Jor a singie terminal access araa conflict, the trade-off in
having "quick"” response-time resulting in a smaller amount of resources
(1imited war forces) to be deployed doces not jusiify the stationing of
these forces overseas 1f the defender mist spread his forces over many
theavers of operations when stationing them away from the zone of the
interior. Of course, it can also be assumed that given enough time all
the forces available to the defender at advaiced bases could be injected
into the conflict area, thus removing the dicadvantage of precommitting
forces w advance bases. This scenario can be abstracted in the following

manner:

Blue, defending ten different terminal access areas from possible
invasion by red, prepositions part of ell of his forces equally to tne ten
terminsl access ereas or maintaing part or all of his forces in alert
status in the zone of interior. The exact allocation of total forces
between geographic positions is a strategic decision varisble to be
optimized by tlue., OCn the ~*her hand red chooses from a uniform distribution
in a random manner* one of the ten terminal access areas to invade and
allocates his forces into two groups. Ome group is to directly engage
blue's prepositicned force, The other group is to prevent blue trom
reinforcing his prepositicned forces by a cutoff asction. This aliocation
of total forces tetween direct ccambat w.th blue and a cutoff acti n
represenis redfs strategic decision variable, A standard confisuration
for the above scenario is illustrated in rigure 5. Figure & gives the
input parameters for use in the Assault Model, Twvo payoffs were acmputed
in this scenario; the pumber of blue survivors when red!s troops sre
reduced tc zero (B -~ R) and the length of time (in days) of the carpaign

t. The paraveter that was voried in thiz particular scenario was the order

‘If blue Jdefends all the terzinal access areas equally, blue is assu 'ng
that red will attack any of the arcas M th equal probability. Any variance
frop this strategy on red's part can be treatad as another pa-amcter in

tue scenario.
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STRATEGIC VARIABLE

[ =3 w
' ‘
ATTRITION . ,
UNIT| TROOP ALLOCATION At t, |vea Day| FLEM8 g;mmmm %ﬂm‘
(No. of Fightir- Mer) | (Daye) | {Day%) | K14. | Men g ‘
By, "\ 0 1.5 4 Rys Ry By Ry,
Elz laS i lss -h Rh RI’R2’R'3
B, 1.5 1.5 " Rh KRy, R,
By 3.0 1.5 | o B, R;»RyRy
Bys 0sB), 5000 2.0 1.5 " R, Ry»RyR
i=11t010 : ‘
B¢ k.5 1.5 N R, R),Ry,Ry
Bl,r h¢5 103 ob’ Ru Rl’Rz,R3
Byg 6.0 1.5 b R, Rl,RZ,IxB
1319 l 6.0 1.5 - | A R, 31,22,33
[ o = I
B0 7.5 1.5 b R, R),Ro,R,
B, 0 % B, £ 50,000 7.0 1.5 n R, Ry, R,k
R, , 0 .1 1
O$R, 5173
R, 25N .5 1.5 .2 By 30084
1=1-3 = 2 t210
Ry ) X =0t 50,000 1.0 ) A J .
R, 0= Rh X 0 ~ .15 Bz, Bli None
% = 0 to 50,000 1=2 to 1C

Figure 6.  L!PUI' PARAMETERS TO THE RECOMMITMENT
SCENARIC CF FIGURE 5.
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of battle (number cf troops) ratic between the both sides R/B; % < v
] .

=n bR
R/B < §5fgg§. .
Figure T gives the complete solution o this sceneric as a function of
the order of battls ratio parameter (R/B) and defined payoffs (B - R) and
t. The firat colur. on the left illustrates the unreatricted play of the
game for both blue {tkc defender) and red (the attacker) in terms of blue
survivors (blue .iximmeminimizes and red minimme-macimives), utilyzing
the min-mex = maxemin criteris if applicaeble. The basic strategy for both
sides using the length of cempaign t peyoff (Wigure 7 third column) is
differentiated by circles '()" and crosses 'X' depending upon whether blue
attempts to guarentee in & game-thecretic sense a minimm or maximes length

of campalgn time t.

The results of Figure T indicate that red, the attacker using the
(B - R) criteria, initiates the invasion of the terminal access area (TA)
with all his forces prepare? for immediave combat against dblue's precommitted
forces. On the other hand bius, the defender; will in general deploy in
the zome of the Interior I)until rod'e invasion hes been initiated and
then deploy against red afier seven days (Pigure 6). This period of time
repregenta the embarketicn, transportetion, and final asssult time for
blue's forces. The second colum: of Figure 7 indicates the constrailnts on
blue, the def-ader, in playing optimally. These conatraints are based
upon the nstural discontinuity levels of the blue-red decision {peyoff)
_ surface as defined in Volume Y of this study. The second chart fras the top
in columm two of Mgure 7 indicates that blue must Xeep at most over 90%
and at least over 60% of his forces deployed in the ZI in order that the
ahove wunrestricted strategies apply. The veristion in this threshold seems
to be a linear function of the size of the invading red's forces relative
to blue (R/B). The higher the threshold the smaller the invadiog force.
¥hen the invading force equals the defending force (R/B = 1), no threshold
exists. This memns bluc's strategy is to slways deploy as meny of L's forces
88 pcasible from 2I. For other values of (R/B ¥ 1), blue's constrained

—————
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strategy éhanges basically two committing his forces to the TA before the

invesion if his threshold ZI commitment 1s not exceeded (see second and ”’f,,——"”';f"
third chart from the top or the second colwm of Figure 7). Summari i .
the —2licy meker's decision criteria for blue seems to be thag,fgéfzgiEG/’

stronger the invading threat (red), the less constrained ;ké/ﬁefender {blue)

is in keeping his forces in the ZI when playing optimaldy (i.e., deployment

from ZI). This rule is demonstrated in its extreme iy the case of R/B = 1
where no threshold exists. That is8 no metter how m of blue's forces

%
<
.

*
.
o

are constrained to be statloned in the various overs¢as TA's, the rest
should be deployed from the ZI in order to insure optimslity in allccation.
In other words, for the case of R/B = 1, tbtere is never a "flip-flop"

op Limum decision'change from 2I tc TA force deploymenk based upon a
natural discontinuity level (threshold) of the decisi%n surface as there
is for values of R/B # 1. \

The analysis of the strategies based upon the leugth of campaign ¢ ﬁ
yields a completely different picture (third column, Figure 7). First of
all, there are n¢ naturai discontiruity ievels in the decision surface
(fourth columm, Figure 7). Red, ..c irvader's optimal strategy is
basically to attack the TA if attempting to waximize (in a game-theoretic
sense) the length of campaign t and deploy his rcri2e in a cutoff
operation if attempting to minimir~ une cempeign time. For R/B <1,
where red loses the campaign, une former payoff would be sensille for red.
When R/B = 1, red almost < .ains parity with blue and the latter payoff
breaks down into = sswa~theoretic mixed rtrategy (for red minimizing)
indicating that both sides Letter keen thelr strategies a secret. This is

dcne by both sides rendomizing their . trateglic veriables according to «
distritution law developed trcm a generalization of the min-~ax = maxemin
payoff criteria. For requirements analysis purposes (as opposed to the
active evaluation of specific scenarios), mixed strategies are not too
meaningful except at the point at which they go from pure to mixed, The
reason for this is that the analyst would never iknowlngly state a system
requirement without knowing the outcome to be guaranteed by such a
requirement.,
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Blue, the defencCsr, which in this cese is the superior force, would
attempt t0 minimize the length of campaign, plays cptimally by defending
the Tid's directly and recommitting all forces to the TA being invaded
according to the time schedules shown in Figure 6. The exception is when
R/B = 1 snd parity between the sides almost occurs, blue's optimal
¢ ~tegy reverts to ZI deployment.

If on the other hand blue attempts to maximize the campaign length t,
tecause this scenario represents the ini#isl disposition of forces in s
continuing campaign, blue's strategy is very definitely tied to a specific
allocation of forces between the ZI and TA which i: o function of the time
delays defined ian Figure 6. The second chart from the Uuitom of the third
column of Figure 7 indicates that as the intensity of threat increases the
allocetion of totel forces shifts in favor of the terminael acc 5 areas.

Summarizing, this analysis of a rather artificial scenar.o iudicates
significant decislon levels and corresponding thresholds exist which are
inherent to the problem. Factors of space, time, and forces available as
delineated i. Figure 6 have direact functional relationships with respect
to the structure of the problem as defined by the specific payoffs used,
Because of this, the analysis of a reslistic scenario which will define
specific space and time characteristics seems eppropri-~te. This will be
the subject matter of the next section. ;

2. A War in Southeast Asia
" a. Introduction

If blue, the defender, mraintains contrcl of the seas, then red, the
attacker, is limited to expansionist activities in the peripheral terminal
access sreas only. The scenario illustrated in Figure § gives a significant
real world situation which can be used as the basis for the anglysis of the
logistic chara:teristics of the strategic basing problem for limited war
forces of both the United States of America (blue the defender) and the
Chinese Mainland (red the attacker). Three general terminal access areas
can easily be defined for red. They are: (1) India/Burma; (2) Korea; and
(3) the general srea defined by Thailand/Lacs/Cambodia/South Vietnam. Blue can
counter such a threat in two ways. The first by resisting the invasion of
the above defined terminal access areas by the projection of troops fror

i
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the 21 and/or an sdvanced base such as Hawaii, Formosa, Okinawe,
Philippines, Japan, Korea and South Vietnam. These latter two advanced
bases are also terminal access arees. The seccnd method of resistineg
rec.'s peripheral expansion would be to directly attack red's homeland and
fcrce red to recomult her forces in the defense of the homeland. The
great circle distances between the natione involved in this scenario are
shown in Figure 9. The large distances involved in this scenario are
directly related to the magnitude of the l.gistics problems facing blue,
the defender.

Just where should blue steticn its forces (ZI or AB)?

In what state of rea.d.ihess should blue be when red initiates the
attack ageinst TA's No. 1, No. 2, and No. 3%

And what level of fire power relative 1o red should blue use in
countering the attack?
are gquestions to be answered by analyzing the asbove scenario,

b. A Standard Case

Figure 10 represents an idealiza*ion of the Southeast Asia War
Scenario with the arrows indicating the logical prcjection {both initial
deployment and recommitment) of fouoces foi both sides as a function of time,
Again the Asssult Model of Volume T will be used. Figure 11 indicates the
input parameters of the Asssult Model and the corresponding interpretation
of these parameters from the logistic point of view. The ncrmalized attrition
constant 'a' has been redefined as casualties per opposing force per
campa.ignA time. 'Thus we can talk about the defeated side having 100%
casualties 1f we define a casualty as a member of the force that can no
longer fight. In this way the Assault Model of Volume I will still be
applicable only with Lanchester's differential law of combal being
applied to the fighting over the total theater of operations rather than
Just over a particular battlefield. The basic value cof the normalized
attrition constant 'a' used 1o* both sides (blue and red) is .001. The
derivation of this number is based upon the assurption that the numbers
of troops committsd to a campaign of the type defined above by both sides
is usually of the same order of magnitude (Reference 2). Therefore, the
retio of casuslties to opposing forces of ether s1de is of the order »f
magnitude of one. Then vhat remains of the normalized attrition conetant
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'a' is the inverse of the campaign time (in days). In recent years (this
century) conventional wars of the magnitude inherent io the Southeast
Asla scenariy postulated sbove have lasted from three tc five years which
converts t¢ e normalized attrition constant 'a' of the order ¢f magnitude
of one-thousandth [i.e., .00l in units of (dwa)‘l] or order of magnitude
0 {(.001) in days. The reader should not worry about the accurecy of this
estimate of 'a' since the resulte of the following analysis will not be
dependent upor this absolute value used. As one can see in Figure 11,
blue, the defeuder, will trade-off his inferiority in order of battle
ratio (i.e., B/R < .5) in part by deploying his forces with greater
firepowes (by orders of magnitude .00l < a < 1.C) in order to acnieve

the necessary superiority. The question as to when blue's excess fire-
power relative to red compensates for the low order of battle ratio is
more inportant than the determination of either side's absolute value of
the normslized attrition constant. Once blue's factor of superiority
relative to red is knmown, then other models will have to convert such
information into battlefield strategy and tactics (Reference 1, section
1I, E}). Qf course, there are other trade-off factors available to blue
to achieve campaign objectives, They are shown in Figure 11 as time
delays At and tys which when interpreted ip light of the Scutheest Asia
scenaric represent deployment and recomnd tment times of both side's
forces over the verious terminal access areas. Agaln the derivation of
the numbers shown in Figure 11 does pot influence the future analysie,
What ieally 1s imporvant is the overall sensitivity of these mobility
factors (At and td) to the cojectivee of each side during and after

the campaign. Thus 1t should be possible to determine the contridution
of readiness of trocps, embarkation and movement time, assaplt time, and
recomsithent time towards esch side achileving its oblectives. As an
example, these parameters might be allowed % vary in such a menner as to
describe the characteristics of certain transport devices such as troop
transport (e.g., 10 knots}, hydrofoil (e.g., 50 knots), and/or jet
ai~craft (e.g., 600 knots) in order to dstarmine their individual
contributdors . - ther aide’'s success, A aimilar stalement can be

made about mfvbt»mr parapeiric iijput to the sodel vhich ref.ecta a real
world sttribute (e.g., order of battle ratio).

et et
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FOOTNOTES FOR FIGURE 11

3): W WL =%

See Figure 9

TA 2T = 30 days, zI * 1A 40 = 45 days (e parar ¢ to be varied),
Practically a guess but seems r'ensonable.

The advance base AB - .4 terminsa access TA #2 and #3 are the same,

15 day fixed depioyment time coxmponent based upon resdiness = 0,
embarkation = 10 days, and assault = 5 days.

At = O represents red's Capeoility to initiate the ivvasion of
the uwiree terminal access sreas (TA) simultanecusly.
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Figure 12 indicetes the basic plsy of the variable pasrameter for the
standard case ig the number of troops in blue's force., This value varies
from 10C,00C to 1,000,000 men wldle red utilizes & constant number of
2,000,000 men. Both sides allocate ali their forces either to the three
terminal acce~s areas equally (<A No. 1, 2, 3) and whatever is left over
%o the Chinese homel: . (TA No. O). This allocation between TA No, C and
TA No. 1, 2, 3 is done - 10% intervals of total forces {see Referer - 1)
and is called the strategic varlaebies avaiiable *» both sides. Blue's
partial or complete allocation to TA No. O denotes his antention to
resist red's invasion of TA No., 1, 2, and 3 by forcing red to defend his
homeland, if red initiates an lnvasion of TA No. 1, 2, and 3. Red
recugnizing the possibility of blue's ¢ >fensive strategy to attack TA No. 0
must decide how much, ir any, of his forces muist be allocated tc TA No. 0O
for possible defensive combat. Both allcca..ons are strategic variables
and will :hosen using the geme theoretic criteria similsr to .t used
in Volume I of this study. Two pnvoffs are available in this scenario.
They are nur ~rs of forces that survive (do not become ¢ casualty) when
one side has 100% casualties (in the sense defined sbove) and the to..l
time of campaign in days. In this latter pgyoff the victoricus side will
attenpt to guarantee s minimum time and the loser will guarantee a maximum
time. The reasons for this were explained in the analysils of the
recommitment scenario (section E, 1),

The vesu'ts of the geame as defined by the inputs in Figurs 12 are
shown in Figure 13, The first coclum denotes the unrestricted plsy of the
game where pure strategles exist for both sides with each allocsating all
or 100% of their forces to TA No. O {i.e., {B*, R*} = {O, O} for B:

.1 X106 < B<1.0%10%), The length of campaign varfes directly with

B and goes from 95 days to 594 days (se2 second graph, first columm,

Figure 13). This analysis appea..: to be incompatible with the real world
scenario defined sbove in which red, the attacker, was supposed to initiate
the action with a simult-neous invasion of TA No. 1, 2, and 3. Yet in
red's optimel play of the gume, his allocation should hav been to TA No. v
or defend the homeland against blue's response to the invasion. This
diilemma can be rectified, if the analyst constrains red to

define his intentions tovards TA No. 1, 2, and 3 in terms that can
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Filgure 12  SOUTHEAST ASIA SCENARTO

ST#NDARD CASE®
. ist 2nd.
Unit Troops ot td Attrition Level Level
R, 0 to 2 X 105 in 108 o 0 001 B, ~
intervals
Rl G 60 001 Bl BO
6
2X10° - R A

R ) 5 O epch 0 60 <001 B, B,
Ry 0 30 VGO1 B, B,
BO 0 to B where 6 ks ¢ 001 R =

B s .1 X 19°, .4 X 105 0

.7 X 206, 1.0 x 10° in

10% intervals
311 0o 75 .001 R R,

B-B R
Bo) , 0 eacn o 75 001 R, R,
8 001 R R
By 2 75 | 00 3 .
*
Readiness = 0
Distance

Embarkation + Movement + Awzenic = 15 + —_—
v = 240 st.mi./dsy Direct
Ewbarkation + Movement + Assault = (Rl R, R3) = (60, 60, 90) Recormit

(B, B, By) = (75, 75, 75) Recomuit
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be put into the mathematical model being used. This is accomplished by _
forcing red to ellocate at least 10% of his total forces >~ ™ lu. 1, 2, f:;j
and 3. In the langusge of the model, red's strategic variaeble runs from
10% to 100% to TA Nc. 1, 2, and 3 in ten per cent intervals while blue,
the defender, has the unconstrained (free) strategic choice cf allocating’
any part of his total resources to TA No. 1, 2, and 3 while the

remajader goes to TA No. 0. The pley of this partislly constrained

game resulbs in a mixed strategy wh.ch means both sides secretily
randomize their cholice of troop allocatlon in conformance with the
solution of the geme. Howevey, if red should feel constrained to comait
et least 50% of his forces to the invasion of TA No. 1, 2, anC 3, *hen the
uptimal strategles would revert back to pure strategies with red
allocating all its forces to TA No. 1, 2, and 3, and blue allocating all
to TA No. ¢ (i.e., {B*, R*} = {0, l} for B: .1 x 106.5 B<1l.0x 106)°
The second column of Figure 13 indicates these resulte. The per cent
initiating the invasion of TA No. l,‘2, end 3 (constraint for red) is
indicated by the circle '(_" in the second graph of the second columx.
Red's constrai:t band from 10% to 50%, representing s mixed strategy,
indicates from the real world point of view indecision ¢n red's part to '
commit all his troops to TA No. 1, 2, and 3 if constrained to commit up
tc 50% of his forces in initiating the invasion. However, if 50% or

more of his forces, f'or real world reasons, are committed to invading

TA No. 1, 2, and 3, then the optimal »irategy for red would be tc commit
all his forces to TA No. 1, 2, and 3. On the other hand, blue's response
strategy weuld be to attack red at TA No. O and force red to return to
his homeland to defend himself {see third and fourth greph, second
colum, Figure 13),

The third column of Figure 13 indicates the natu.al constraints in
blue's dscision structure assuming red was not constrained at all. A
real world situation which would correspond to this case would be red
attenmpting a deceptive move agalnst blue which would result in blue
acting ageinst red without red ever committiug forces to TA N~. 1, 2, and 3.
In strategic warfare language *his is calied blue's pre-empiive strike.

.
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If blue is comstrained to keep at least 304 of his forces overseas at
T2 No. 1, 2, and 3, then the optimel sclution for both gldes is:

{:*, R*} - {1, o} for B: .1x 100 £B21.0x 205 A mixed strateay
occurs between 10% and 30% for blue order of battle magnitudes of

T %120° $351.0x 10, For 308 and over, biue strategy 1s pure,
i.e., 81l forces axe ullocated to TA No. 1, 2, and 3. For low order of
battle retios, i.e., vhen R: .1 x 1bsr Joeh o x 106, there is a
clearcut “flip-flop" decision discontinuity lavel et 300 waich has
slgniricance in this study. If olue 1s at modt constreined to keep wp
to, vut not including, 30, of his forces oversess \ie€c, less than

30% allc.ated to TA No. 1, 2, and 3) his optimel strategy is to keep
non. of his remaining forces overssas; but rather, 100% of his remaining
forces allocated to the ZI for offensive action sgeinst TA No. J. In

the meantime, red always allocateé optimally when defending the homelend °

(last graph, third colum, Figuwe 3.3).. Since nothing in the model
veflects blue's intentions except his constralning sllocaiion of up

v but not including 30% of his 1avces deployed to TA No. 1, 2,»'and 3,
the analyst can understand blue's hesitancy to aliocate al! “is forces
to TA No, 1, 2, and 3 8s & form of deterrence. Notice this was not
true of the red-constrained-strategy of the second colum of Figure 13.
Once red wss committed to a 10% invesion of TA No. 1, 2, and 3, the
payoff ylclded a mixed strategy up to a 50% ivvasion constraint, and a
pure sirategy of full commitment beyond the 50% constraint, Mxed
strategy denotes the random possivility of a full commitment which from
the real world point of view is sinilar tc pure strategy, though it
certai.nly'does not imply a form of deterrence. In the next section,
the author wili sttempt to quautify, from each cf the combatgnta' point
of view, the intentions of deterrence, and will continue *his line of
reasoning in ord r to achieve a special measure of merit for the design
and evaluation of Jlimited war basing configurations.

Finally, the fourth column of Figure 13 irdicates blue's natural
discontinuity decision level when red is constrained to attack TA No.
1, 2, and 5. At blue's 10% constraint level, the cptimul strategy for
botn sides appears to be the allocation of all their fcrces to TA No.

---va.mem_.m:‘w.ms:&&sm\\x\*; B o
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LZ,Md&(L&,B,R b,.run ox10% < B < 1.0 2 109).
When B = .1 x 10°, the coﬁmtraim threshold goes to 30%. Beluw both o

these constreint thresholds {down to the 0% level), mixed strategies are
epplicable. This case represents the real worid situation that exists
today in which blue is committed (constrained) to defend sgainst red's
inveeion (again a constraint) of TA No. 1, 2, and 3. Neither red nor
blue has yet made hls optimum allocaticn decisions and the indecision
will, in the future, pro~~bly result in random choices of full or
minimum commitment of forces. However, 1f blue decides to go over its
naturel discontinuity threshold level (see second graph, fourth colvmn;
Figure 13), both sides will fight it out ss a pure strategy at TA No.

1, 2, and 3. ‘ |

Co Deterrence

"The ideal situation would he tn be able to project
Just enough limited war forces &bt sufficient speed
to deter the opposition from acting at 2ll."

(Section IIA)

How does one achieve the above "ideal" for blue's {the Jefender's)
limited war system in terms of Jhe following: avallable strategic basins
confilgurations, the firepower levels technically and politically
feasible, the strategic reectior times possitle, order of battle, and
similar characteristics attributed to red (the attacker)?

The standsrd case of "A War in Scutheast Asia," analyzed in the
last sectlon, gave some clues as to how one would go about defining the
ideal situavion. This cese presents both sides with their natural
environmental, logistic, and constraining advantages and disadvantsges.
It assumes equality in firepower {as reflected by the pavameter ‘a';.
Blue, with an inferior number of combatants, constrained by iong
logiatic pipeelines and inherently defensive intentions, must present
its limited war systems cheracteristics to red in such a crediole torce
posture that red, when acting in & rational menner, will not attack; or
1r red vecoues irrstionai and does initiate an attack, red's (thru his
non-optinal play) will lose the war.
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In the last section it was noted that the decision to deploy for. 3

in an aggressive way hed a nmatural discontinuity level in whicl the Y
military planner, if forced to commit at least a certain percentage of )
hie forces {this percentage being e natura) discontimulity of the decision

surfsce), would cutomatically commit all of his forces. In terms of the

Southeast Asis Scenaric, is it possible for blue, the defender, tc

present a f~rce posture such that red, the attacker, would never "go all

the way" if red wes constrained or forced to "go part of the way"t If

blue could present such u force posi-re, 1t could be gaid that blue

effectively deterred xed, the attacker, provided red was rational. For

if red intended to attack (this intention defined in model language as

a constraint to commit forces) and then examined its optimal strategy

to comnit ite remsining forces and found th-t such a atrategy was

instesd a defense of the homeland, one can question red's feeling of

superiority -*ile committing an ageressive act, If red was acting
retionally, he would be de =rred if the outcome of the game (i.e., the

determination of who would he the winner if red ini*iated the campuign)

was obscure, If red was irraticnal, then blue would have to preasent a

ferce posture to red much in excess of deterrence such that red's degree
of irrationelity could ve affectively lowered to a rationri ievel.
Although deterrence as defined above is a weaker criteri: than achieving
s winning campaign objective, itv is conceivable that one canaot be
achieved without the other. In fact the analysis of the next section
indicates that deterrence and overvhelning superiority for certain
modes of fire power application are the same

Using the above definitions of deterrence, and considering the
standard cuse of "A Wer in Southeast Asia" scenario as a basis of
improving blue's prospscis, the author will attempt to configure a
reasonsble limited war systein and the meny problems associated with
strategic basing. '




3. Firepower (I'srmalized Attriticu Constant)

. @, Incremental Firepower to all Terminal Access Aress (TA No. 0, 1, 2, 3)

In order to effectively counter red's overwhelming nuamerical
super'ority, a reasonabls normilized attrition constent for blue must be
ietesmined., No other model parameter can effectively trade off this
order of battle disps ity. In order to keep the analysis at reasonable
length, the number of troops assigned to the defender, blue, was made &
-onstant equal to .4 x 106, and all time delay inputs were kept the same
as e ctandard case. To get the gross effect of the normalized attriticn
cemgtar, (which is proportional to relative firepower) on the scensric
c~Jectives (payoffs), a computer run varying a: .001 > a2 1.0 was
inade. The gpplicuntion of this lncremental fircpower b;  blue aga.inst‘
red was made to all terminal access areas {.A No. 0, 1, 2, and 3), The
res. .ts are presented in the same manr~r as the standard csse acove.
Agein, t.ie umestricted play of the game (first colum, Figure 14) indicates
both sides playing optimally with blue attacking and red defending
TA No. 0. ™e firepower break=-even poin* for blue is & = .025 as is
..pected from the model's use of Lanchester's Square Law for .he
differential law of combat. The carpaign Time t* vhen w = .025, zoes
to infiuity only mathematically; such a point in the solution of
Lanchester's Equatio:s being a singular point. 1In the second column of
Figure 1L, red is constrained to commit at least 10% of his rorces to the
invasion of TA No. 1, 2, and 3, and the second cha t of this column
indicates the nature of red's optimal decision cor .c.miug the rest of
red's uncommitted foices. This chart has been isolated arnd is presented
as Figure 15. For value £ a: 0.(01 2 a > .0lh red wins the campaign
no matter -hat decisions are m ie by either sgide concerning- the optimal
or non-optimal sllocation of forces either to TA No. O and/cr TA No.

l, 2, an? 3, The optimal strategles available to red, once forced to
comuit it least 10% but not greater than 50% <f his forces is obscure
becaus.. lthey exist in mixed form. A soluticn of these mixed strategies

would indicate red (and blue) would rsndomize vheir allocations to

eithcr the homeland (TA No. O) or to the invasion arcss {fA No. 1, 2, and 3)
according to some fixed rrobabllity distribution. Both sides would

E 2 o
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necessarily keep their random choice of allccation a secret to prevent
the other side from taki.g advantage of the gituation. Cne payoff would
then be computed based on a population of expected moves which represent
repeated plays of the game. O(mce red commits at least 50% cf his forces
to the terminal access sreas (TA Nc, 1, 2, and 3), the strategies again
become pure; {i.e., {B R*} {O, lj) However, in either case, if red
is constrained or committed to attack with from 10% to over 50%, there
is at least a probability that red will chose w comait all his forces
to TA No. 1, 2 and 3. Obviously, deterrence as defined above, has not
-=abeen accomplished in this range of values of a: .001 £ a < .0l% when red
e Forced o commit to TA No. 1, 2 and 3. The range of values,
a: .01k < a £ .0k7, shown in Figure 15 indicates the marginal play of
the game where bolh must play optimally in order to guarantee (in the
game~theoretic serse) a given payoff. To the left of the center line
(a = .0225) of this regior; red, the attacker, wins if the play is
optimul, and to the right ¢ this center lire, blue, the defender, wins
if* the play is optimal. Non-optimal play bty elther side can cause the
other side to gain a non-optimsl edvantsge and result in & win., The
decision surface ir this region of a: .0l4% < a < .047 1lies both atove
and below the datum plane. That is (R = 1) can be positive or negative
depending upon the parttoular allocation each side uses. The three
vertical lines defining this vegilor are aerired from values of (R - B)
taken from critical alloctstdion decisions for both sides which determine
the charcoter of the decision surface (see Figure 16).

The optizmal strategy for red, when forced to commit ~. least 10%
of his forces in the domain of a: ,01b €< & § .047, is basically the
same 85 the left-hand side of Figure 15, (i.e., mixed sirategy to the
504 conatraint level, and pure strategy beyond). Thus, we see that
eveu if both sides 'were evenly matched, red, the attacker, would cot de
deterred frea 'woli ail whe way' once ne had made s nominal (10% or
tetter) comitment S0 TA 0. 1, 2 and 3. In cother wurds, for the
particular scensrio of "A War in Southeast Asia” being discussed,
blue does not deter r¢d by present.  a fowze postwre of parity against
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Now, as we enter the range of velue of a: .0L7T <8 <1.0, a
new phenomens sppears amongst the consirained optimal stretegies available
to red. Though red is forced to commit at least 10% of his troops to the
terminal access areas (TA No. 1, 2, and 3), he no longer need project
his remaining troops to the same area in order to achieve optimal strategy.
Rather, his remaining forces may bLe committed to the defense of the
homeland (TA No. 0). Thus it becomes apparent that to constrain red to
invade the TA No. 1, 2 and 3 with at least 10% of his forces would not
cause 8 rational red to commit 100%. Instead, red, to piay optimally,
rust keep all the forces he can in the defense of the homeland (TA No. 0).
T1iils constrained decision also represents a pure strategy and is valid
even if red is forced to commit from 30 = 50% of his forces to the
TA No. 1, 2 and 3. In other words, blue has deterred red from
reinforcing his allocation decision to 'go all the way'. The area of
validity of this deterrence is illustrated by the shadedc area of Figure 15.
Notice this value of a: .047 < a < 1.0 represer“s an overwhelming
superiority of blue over red as far as the outcome of the campaign is
concerned as a function of blue's normalized attrition constant. 3Since
red's normalized attrition constant has remained a = .001 throughout this
analysis,blue requires: (1) a superiority factor of (igggg) = 22.5 just
to obtain parity ( i.e., to make up for the disparity in order of battle)
under optimal play; and (2) a factor of (Tééf) = 100, or over four times
the effective firepower of parity, for clearly defined deterrence. Needless
10 sey, the range of valucs of 'a' pertinent to deterrence also assures
blue's eventual victory no matter vwhat strategles either side may use.
In the real world, it is strongly implied that heavy firepower is
required to guarantee deterrence. This requirement questions ihe value
of using aircraft for strategic deployment of forces to combat areas if
the airlift does not also contain the capability of deploying che
necessary firepower along with such forces. Of course, the value of
airlifting forces to overseas terminal access areas could be due to the
increase in effectiveness of the operation derived from quick response
time as measured by t, and At in the model. These parameters will

4
be analyzed in a later section.
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‘The remaining analysis of the variation of the parameter firepower
{as measured by 'a' and applied to TA No. , 1, 2 and 3) is shown in the
third ard fourth columms of Figure 14, T+ indicates a threshold of
from 10% to 40% in stationing troops overseas in TA No. 1, 2, and 3. That
is, when blue is constrained to station forces overseas in amounts of a%
least 30% of the total force level, then the optimal strategy is to
station 100% of his forces in the TA No. 1, £ and 3 (see second graph,
third column, Figure 1i). This constraint is true only when both blue
and red have the same normalized sttrition constant which means any
eggressive action on red's part will result in red, the attacker, winuing.
This constrairt drops to 20% as parity is reached. When deterrence is
reached, blue's decision constraint is 10% for mixed strategies and
changes to a pure strategy at 30%, that strategy being all fcrces
allocated to TA No. 1, 2 and 3.

In the fourth column of Figure 14, red is forced to invade TA No.
1, 2 and 3 with at least 10% of his forces and blue's threshold for
stationing all forces overseas is at least 10%. Again note that red
has been deterred for values of a > .. even though constrained to
commit 10% of iis forces (see last chart, fourtu column, Figure 1i),

t. Incrementsl Firepower to the Aggressor Terminal Access Area
TA No. O Only

The last section assumed that superiority in directed firepower
would be applied to all terminal access areas without constraint. If
for real world reasons this increage in firepower were to be accomplished
through the use of tactical nuclear weapons, then a political constraint
might develop in which blue might want to apply such incremential f~rce
to the aggressor's homeland (TA Ne. O) only. Our model appiied such 2
constraint to a series of campaigns as defined by the war in the Southeast
Asia Standard Case and the results are presented in Figure 1T.

The results are suprisingly different from those obtained in the
last section where unrestrained firepover was used. One major result
nf this run indic: :s that deterrence is achieved ~ven before parity is
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reached (see second chart, second column, Figure 17). Also, if blue
achieved pairty or better, there would be no natursl decision discontinuity
in blue's stationing of forces overseas. That is, blue would always keep
all the forces he could avallable for allocatiun to red's nomeland.

This conclusion assumes that blue will deploy such forces from the ZI
(detined in the standard case). It is possible that deployment from an
advance base is preferable, and this proposition will be analyzed later
when parameters At and ty axe varied.

Notice, also, tne Lack of mixed strategles characteristic of the
Plev 1n Figure L7 as compared witn the results tabulated in Figure ik,
Eviaently, the locaiized application to TA No. U changes the shape of
the decision surt'sce such that strategies become crystal clear for both
gides, Indecision due - marginal payoftrs available to both sides
(characteriscic of wixed strategy) is removed. Secrecy concerning
decision allocations is no longer required., This results in a considerable
raising of blue's deterrence level even though a parity or superiority
level between combatants will not exist unlesr blue attacks red's
homeland in sufficient force. Thus, a policy limited to deterrence through
increase in firepower must be compatible with blue'e intentions (policies)
as demonstrated by a willingness to attack the hor~land only.

c. The Effect of Firepower on the Strategic Basing of Limited

Waxr Forces

The effect of firepower, as represented ' the variation of the
normalized attrition constant, 'a', on the strategic basing of limited
war forces has buen indicated in Figures 14 and 17, with speclal emphasis
on the third and fourth colums. These columns indicate blue's natural
discontinuity decision levels wh 1 allocating forces either, (1) to
the overseas TA No. 1, 2 and 3 before red initiates the invaslon, or
(2) to TA No. O projected from the zone of the interior (see Figures 11
and 12) after red initiates the invasion. The unrestricted play of the
game indicetes that both red and blue allocate forces such that all
fighting is done at TA No. O. This means blue will refrain from stationing
forces overseas TA No. 1, 2 and 3 and deploy all her forces from the zone
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of the interior (2I). The various tiime delays used in this Southeast
Asia Scernario were based upon the projection of forces described above
(cee Figure 12). However, blue has a very low 'flip-flop' decision
threghold (10 4=30%: see second chart, third column, Figure 14} which
dire 55 him to station 100% of his forces overseas when constrained to
maintain forces overseas equal to or greater than this threshold in
order to defend against red's invasion of TA No. 1, 2 and 3. Notice that
the threshold tends to go down as the normalized attrition constant
available to blue goes up. Only where red is forced to invade with 10%
of his forces and blue can muster enough firepower for deterrence,

i.e., a2 .1, do pure strateries exist which indicate no overseas basing
necessary for blue (second and third graph, second column Figure 1h),
Otherwise a low order commitment by red to invade TA No. 1. 2 and 3, and
0 to 10% stationing of blue's forces overasea at TA No. 1, 2 and 3 will
force blue to use mixed strategies for optimal play (see second chart,

o

fourth column, Figure 14), The applicat’ sn of a uniform increment of
firepuwer over TA Ne. O, &, 2 and 3 indicates that blue suffers from an
indecisive or indeterminate overseas basing policy. This policy reQuires
the allocation either of all or none of blue's forces overseas, depending
upon & low level of blue's possihle precommitment of forces. As this
precommitment level rises (above the 30 = L0% level constraint), blue
adopts a very rigid overseas basing policy, (i.e., precommitting all of
his troops overseas in order to play optimally).

On the other hand, blue's applicaticon of an increment of firepower
toward red's homeland results in a very simple, consistent, and deter~
ministic overseas basing policy for any level of overseas basing constraint
with which blue must cope. This pbasing pol.cy states that all forces
not needed at TA No. 1, 2 and 3 should be stationed in the zone of the
interior and projected to TA No. O after red initiates the invasion.

L, The Effect of Decreasing Blue's Response Time to Red's Invasion of
TA No. 1, 2 and 3 ‘

Another parameter of the model of considerable real wcrld importance
is blue's response time, At, to red's invasion of the terminal access

»
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areas 1, 2 and 3. There are two methods where by blue can vary response
time. One method of lowering 4t would be for blue to sllocate more
forces to advance bases before the invasion such that his forces would
traversc a smaller distance to the TA Nc. 1, 2 and 3. The cher method
would be to utilize faster transport systems such as hydrcfoil ships,
aircraft, etc. Bo.h these methods for affecting a lower response time are
possible with the assault model. Figure 18 illustrates the Southeast Asia
Scenario with veriations of A4t and td which take into account the
alternate use of surface, hydrofoil, jet aircraft, end rocket transportation.
The force posture chosen for bluec against red's invasion is one of
deterrence and superiority. Uniform firepower superiority (& = .1) is
applied by blue over all the terminal er~cess areas, TA No. 0, 1, 2 and 3
and a 5 to 1 order of battle ratio in 2 s favor is used. The results

of this parameter variation were plotted as a function of Bo's

deployment time in days (see Figure 19) utilizing the same format as have
previous sections., The basic strategy for the unrestricted play of

the game is as before, that is, each side allocet . all their respactiwve
forces to TA No. O for response times At: 0 < At < U5 days. However,

if red is constrained to commit at least 10% of his forces to the terminal
access areas 1, 2 and 3, then interesting things happen to red'. natural
discontinufty decision level as a function of response time. The gsecond
chart, secound colum ol Figure 19, indicates that the percentage of red's
forces iniviauing the invasion of TA No. 1, 2 and 3, is constrained by,
and varies directly with, blue's response time to that invasion. From

the standard case for readiness, embarkation/movement, and assault time

of At = 45 days to a hypothetical response time of At = 0, red was

less and less constrained to commit all his forces once he wes constrained
to commit scme (from 50% down to 30%). From the real world point of

view red was more likely to be deterred when blue presented a defensive

force posture with a slower response time (g;} other paremeters remaining
constant). The abstract model on the other hand, interprets this
situation in terms of the stabllity of the decisicn surface which in
effect states that as blue's response time is lowercd, red becomes more
trigger happy and is less likely to maintain gplit forces if for some
reason he was constrained to split them at the outset (forced to invade
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TA No. 1, 2 and 3), If these results are vaiid, one could question the
entire concept of the alrborne transfer of large numbers of limited war
forces with or without their a-mament in response to an overseas threat.
It chould be noted that the above analysis considers the military payoff
only. If a cosieeffectiveness criteria were used, Justification of the

above alrborne concept would be even harder to achieve.

As another result of the above analysis, one would also question the
advisability of attempting to achieve a smaller reaction time in the
defense of TA No. 3 (India) by creating an Indien Ocean Task Force.
Certainly if this were done, the size of the task fcrce would be
prohibltive if the requisite number of trocps and firepower were

permanently stationed aboard.

Reviewing the third and fourih colums of Figure 19, we again see
that an obscure low level, c.nsirained; partial overseas basing policy on
the defendes's part leads to mixed strategies and ther full cormitment
(100% deployment). The last chart of the last colwm of Figure 19 alse
indicetes red's change of strategy as blue's response time is reduced
when both blue and red are const uned to act,

Although they are not shown here, the results of the above analysis
also apply if blue allocates his deterrent firepower to TA No. O only
(Figure 20 indicates the scenario investigated).
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PROBLEM DEFINITION, FORMULATION AND SYNOPSIS

Volume . demonstrated the use of analytical techrniques to quantitatively

EREE SR Y

describe th: interrelationships among mobility, dispersion, surveillance,
and fire power ags they effect the survivel of tactical units on the battle=
field. The purpose of the study was to emphasize the possible use of
analytical mndels to explore areas of Marine Corps/Navy advanced warfare
militsry systems and operations, and weys in which outputs obteined from
such analyses could lead, by implication, to vecommendations for surveil=
lance, fire power, force size, logistics, and command and control subsystems
requirements.

The basic problem analyzed in this study can be summarized as follows:

An smphibious landing force, x, 1is to assault a limited area defended
by a force y. The landing force is.to be gplit up into an air mobile,

x_, and a surface mobile X e The defending force, in turn, allocates

8,
Bi: i =11t 2 of its foice tc each element of x where

2
zai= 1‘
i=

The questions to be asked are:

a. What allocation of forces should each side use against the other

during the ensuing engagement? )
- b. What is the mathematical structure of the tactical decisions made by

both sides (as defined by a) as a function of initial conditions (e.g.,
force levels (x, y) at time t = 0) and constraints (e.g., spatial and
temporal limitations when allocating forces)?

¢. How does the analysis relate back to the real world in terms of

| logistics, equipment, force levels, operational plans, etc.?

To abstract the aralytic nature of combat during an amphiblous operation
y from a scenario based upon the above descriptive anelysis, one is
3 tempted at first to start simply with a "Lanchester Equation" model
t approach. This model is by far the oldest analytic epproach to land
: gw warfare and has great flexibility in its generalized form.
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The form of the Lanchester Model which seems applicable is:

dx

® - W
X .
x(0) = x,
y(0) = ¥, (a-1)

vhere xo and yo represent the force levels of both sides at time ¢t =0
and a and b reflect each side's normalized attrition rate as seen

Y its opponent, Lanchester's Square I.aw* can be deduced from Equation
(A~1) by taking the ratio of the two differentiml equations and integrating.

& X
v . (a-2)
J‘x ax dx = J‘y by dy
%o Yo (A=3)
a(x,? - x%) = v(y,? - yP). (A-k)

Equation (A.4) indicates that the normalized attrition rate varies inversely
as the square of the force level. This suggests the following
transformation which will allow one to consider a force level and its
attrition rate as an effective force level only.

A srvey of the literature referenced in Volume I indicetes that
ressonsble agresment exists for Lanchester's Square Lav as & model for the
Pacific Island Campaign of Worid War II which was essentially an anphidious
operation




This reduces Bquation (A-1l) to:

dx
at

&

x(0)
y(o)

Sl Sk Sl

=X

xo

YO L

(4=5)

(a-6)

‘We are nov in a position to relate this model formulation directly to the
scensrio of the amphibicus assault oroblem described ebove. Howuver,
hefor, we descride the mathematical model actually programsad, it might
be useful to give a brief mathematical synopsis of this model utilizing
the sbove notation jiu order to indicate the over-all direction of the

analysis.




Using the dot notation for time derivatives, the amphibious operation can
be described mathematically by the following equations:

x, = =By

x. = =(1-B)y

X=X X
> o *

(L«B) ¥ = -x_

x(0)
) glvenat t=0
y(0)
J ,
(a-7)
vhare B; O 8P s 1 is the allocation of that part of y's force to x

a
and {1 - 8) to xg, and {xs, xa} represents an allocation of all of the

amphibious lsding force x +to either the surface or ‘air mobile mode of
attack,

X2 any unit cn either side is reduced to zero during the battle, the
opposing side's remaining allocation against thet unit will be assumed
to be transferable for combat agzainst the other side's remaining units.
The winner will be the side that survives the battle. To relate force
levels and normslized attrition rates, the following scaling laws apply:

%y * A%
x& = /;; xfi
Y - 5 y
t -> fa'iJ t; 1=a, s

(a-8)
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The model actually programmed can be extended to include x's reserve

forces X, vwhich can be thrown into the action at some later time. This R
model also takes into consideration the differences in rire power available )
to x vhen projected through e vertical envelopment assault or via e

surface beachhead landing. That is, x's Regimen*al Landing Teams,(RLT's

are projected ashore as quickly as possible with the heuvy ordnance

coming after. In the gbove model it is assumed that x has many uniis,

each with its own characteristic fire power. The greater normelized

attrition rate, &g, as associated with the surface force can only b.

projected ashore at a given rate., The vertical envelopment with the

lower attrition rate, &, can be assumed to be projected ashore

ingtantaneously. In this way x is faced with an allocation choice of

projecting into battle low fire power forces X, at a high rate

(instantaneously) or a high fire power force X, at a much lower rate.

It is felt that these limiting assum;;tions are justified in that we are
concerned only with the essence of the problem at this stage of the

study; that is, with the gross outcome of the battle as a function of inmput
parameters {x(o); y(o)}, decision parameters {x (0), xs(o); B}, and
constraints 8y 8.5 b; time to initiate batt'ef. Hopefully, this
initial analysis will develop useful insight into the structure of
amphibious operations such that more significant models can be

developed later,

Summarizing, Equation(A-T)represents a simple mode. of an anphibious
operation in a game theoretic context which attempts to relate the
interplay of force levels, allocation decisions, and constraints as

they affect the outcome of the battle. The payoff of such a game will

be defined by the solutions of the above equations as a function of

time at the specific time when one side's force level is either reduced
to zero or, any finite level. The remaining side's force level represents
the value of the game, positive to the winner and negative to the loser,
This is called a zero-sum, two-person game. '
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Another possible zero-sum, two-person game based upon the above model
could be contructed by defining the payoff function or value of the
game as the time t* it tekes to complete {he amphibious assault
successfully; that is, the time 1t takes to reduce the cpposing side
either to zero or any predetermined level. The attacker would attempt
to minimize this time while the defender would attempt to maximize it.
Strategies for both sides, defined by this type of payoff functiocn,
could have a realistic interpretation in that one of the primary
purposes of an amphlbious operatl.. 1s to secure a beachhead as
quickly as possible so that the main body of attacking forces can bhe
placed ashore safely. The defending forces hinder the landing force
a8 long as possible, so that superior reserves deployed elsewhere

can be brought to bear upon the attacker while he is in the vulnersble
position of estsblishing a beachhead. The amphibious landing force
will have superiority at a beachhead providing the time between the
comnltting of the attacking forces and the securing of the beachhead
is less than the time necessary for the defender to effectiveiy
deploy his reserves against that beachhead. The ocutcome of such aL
battle, using the above model, can then define the effectiveness of -
deception techniques employed by the attacker when selecting a
beachhead and planning the invasion. The model could also determine
the relationship and value of fire power, mobility, dispersion,
reaction time, and surveillance to various proposed deception
techniques.
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B. THE AMPHIBIOUS OPERATION MODEL

When constructing an amphibious operation model, ebstraction of the
physical process of an amphibious assault must first be formulated.
Certain items, such as number of battle units, force levels,

irepower, etc., uay be considered as inputs to the physical process
while other items such as casualties, duration of the battle, etc.,
may be viewed as outputs. In mathematical terms, the amphibious operation
is an "operator" with the physical input veriables as i1ts domain and
the physicel output variables as its range. In view of the complexity
of a general arphibious operation and the extremely large number of
contingent possibilities that can arise during the execution of any
individual operatlon, it would be exceeuingly difficult if not impossible
to complately represent the operator mathematically. Our task then is
to construct a mathematical operator that is an approximation of the
physical process. The nature of the epproximation is determined by the
uses to which the model will be put and the resultant simplifications
that can be tolerated without materially affecting the significant re-ults,

As the purpose of this study is to qualitatively determine the nature of
optimal battle strategies under very general conditions, no attempt will
be made to abstract the analytic nature of the amphibious operation via
an all-inclusive model, The oasic unit of force for the protagonists, hlue
and red, wiil be taken as a battle unit and the Lattle as a whole will
be viewed as an aggregation of local conflicts among individual battle
units. Thus, at any one instant of time, we need only consider a

series of relatively simple local conflicts to determine the state of
the battle as a whole. Since we will assume that the dyna..cs of any
local conflict are governed by Lanchester's Equations, the only
Pertinent information is the composition of the local conflicts and

the force levels and attrition constents for the individual dattle
units. This information may be surmarized in s list of the fol'owing
form:

~
e
.
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Unit Force Level Actrition Rate .
Rl - - i
R2 - -
* Ri - -
Iocal Confiict No. 1
Bl - -
B2 - -
BJ - -
Ri +1 - -
Ri + 2 - -
Rk - -
local Conflict No. 2
B +1 - -
B + ¢ - -
Bm - -

ete.
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The c~mposition of the local conf’icts will be determned by an Opponent
Priority List (OPL) for each battle unit. In order to reduce the R
complexity of the computer program that inplements this model, the

decision was made to limit the OPL to two levels, first priority

opponents and second priority opponents. The following behavior is

thep postulated for the individual battle units:

RUIE 1: A battle unit will seek to engage his first priority opponents
if they have not alreedy been eliminated from the battle. If
o uuil ls engaged with an opponent, that opponent is termed
a direct opponent of the given unit.

RULE 2: If a unit's first priority opponents have been eliminated,
he will, after a specified time delay, seek to engage his
second priority opponents.

RULE 3: Any two units that rhare.a common direct opponent are
considered to be battle allies.

RULE 4: All the direct opponents of a given unit's battle allies
are taken to be additional direct opponents of the unit
itgelf.

These rules offer great flexibility to the conflicts since a unit can be
drawn into a given conflict in many ways ~ by attacking an opponent who
is involved in that conflict, by being attacked by an opponent wvho is
involved in that conflict, or by sharing s common direct opponent with
an ally who is involved in that conflict.

In general, the spplication of Rules 1 and 2 and the repeated
applicaticn of Rules 3 and 4 will completely determine the éonpocition
of all the local conflicts. (A formal proof can be constructed which
shovs that if Rules 3 and U are applied a limited pumdber of times, a
unique splitting up of the units into locel conflicts results. The
proof, which vill be omitted here, rests on the fact that the above
rules define ~n equivalence relstion on the set of all units and this
relation cospletely partitions the set into equivelence classes.)
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Within each local conflict, the progress of the battle may be measured
by means of Lanchester's Equations. These differential equations can be
solved analytically and evaluated to determine the force levels of any
unit in a given local conflict at any time in the future, as long as the
basic composition of that local confliict r2mains unchanged. C—ce the
basic composition changes, the coefficients of the differential equations
change, and the original analytic solution is no longer valid. At this
point we must redetermire the composition of the local conflicts,
calculate the new coefficients for the differerntial equatiors, and begin
a new set of analytic soclutions to continue where the old solutions
left off.

The compositioa of & local conflict can be changed cne of two ways:
1. a unit is added to the battle

2. a unit is eliminated.

The specification of a time of arrival for each unit determines the time
at which the unit is adced to the battle. A single time of arrival is
given since it 1s postulated that once a force is comitted to the battle
it will not be withdrawn and recomnitted at another time. Once a unit

is added, 1it, of course, seeks out its opponents according to Rules 1 and 2.

The elimination of a unit occurs vhen its force level drops below same
specified minimur force level. The time at which this takes place can e
determined by inverting the analytic soiutions of the differential
equations and solving for time as a function of force levels. ‘This
ioverse solution has several possidie forms depending on the coefficients
and 1mitial values of the differential equations.

After all we first priority oppobects of a given u 't are eliminated,
Rule 2 specifrie; & tome delsy berore lLuat un't may engage 1ts second
priority opponents. (The ruie aiso applies if toe Iirst priority
opponents nave been elimnated prior w tne umit's time of arrival.)
Thie delay factor is intended to reflect tne geographical location of tne
units sod their relative modbilities.
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AL summavy, the following items are the necessary imput parameters for
each unit:

1. irltiel force level 5. time delay factor
2. minimum force level 6. first priority opponents list
3. attrition constants T. second priority opponents list.

4, time of arrival

The application of Rules 1, 2, 3 and 4 in conjunction with the preceding
items, determines the composition of the local conflict: while Lenchester's
Equations give the force level of each of the units es a function of time
and indicate the time a% which a‘ unit is ellminated.

As analytic methods are used throughout and no time-step simulation is
utilized, this method furnishvs us -vith an extremely rapid means of
determiri.g the expected outcome (or "payoff") of the battle,
determined by the glven battle plans and initial force levels.

If var‘ous elements of the battle plans a.nd/oz initial force levels ere
considered as parameters, we are in a position to genmerate trade=off
table; showing the zffect of a veriation in one or more of the parameters;
for example, the degradation of payoff due to increased time spacing

of the various landing groups. Furthermore, game theovretic techniques
may be used to simultaneously optimize the choice of parameters for

bullh the attacker and defender.
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c. PROBLEM ILLUSTRATION

To illustrate the methodological techriques for handling apn amphiblous
landing situation, a specific problem will be investigated (see Figure a).
Blue, B, an amphibious landing force, is to assault a limited area
defined by red R. The landing force is to be split up into three surface
mobile elements, Bl' Bz, B3
is to initiate action sequentiaslly. At short intervals, 8, three
waves of surface elements are projected ashore in the following order:
(1) infentiry battalion type units, B,; (2) infantry and close support
artiliery type units, B,; and (3) infantry and a tank section, B3.

The air moblle element consisting of a vertical envelopment team of
infantry and close support artillery units, B, is projected inland, a
distance 4 from the beach (see Figure a) at the same time B1 axrives
across the beach. The relative firepower of these four elements of
blue are assumed to be in the following ratio: Bl : 132 : B3 : Bl;« :

1.0 : 2.0 : 4.0 : 1.5. The red defending force, R, in turn, commits
its forces either to the beach, R, to the air mobile attack, Ré y
or to both, et the same tine ]3l and Bh are deployed. The relative

and one air mobile element, Bh’ each of waich

firepower of these two elements of red are assumed to be equel to blue's
3¢ Ry 3Ry 1.0 : 1.0 : 1,0. Note (from Figure a) that
each element of blue ard red has a predetermined battle commitment time
which reflects the amphibious landing iorce's loglstic constraints,

This time of commitment is symbolized by the clock next to each element
in Figure a. Also, take note that the ensuing battle tekes place at

two different locations; the besch and some inland point. The model
developed for this problem reflects this spatial characteristic of the
battle by defining a set of time delays {tdi} which applies' to each force
element of the battle. These time delays indicate the amount of time
which would be reguired for an element to traverse the distance from

one bettle area to the other during the course of the battle. An

element traverses this distance only if it has a first priority

opponent which it desti'oys, and any second priority opponents can only

be reached by t ~versing the distance 41 shown in Figure a. If a force
element does not have an cpponent at ita initisl point on the bvattlefield,

mosimum, i.e., B
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the time delay + 4 will denote the time necessary to meet an opponent
located at the other point on the battlefield. Naturally, this time
deley reflects the mobility characteristics of the units involved and
represents an important trade=off parameter.

Another aspect of the problem not indicated in Figure a is that each
fighting element has an Opponent Priority List (OPL), which indicates
the order in which each opponent is to be attacked. In some cases,
fighting elements are placed in position to protect the flanks of an
operation. These elements never initiate an attack and are drawn

into a conflict only when the opposing side's priority initiates battle
action against the flank,

The following questions are perti-ent to the above problem descrigtion:

a) What is the mathematical structure of the tactical decisions mad.
oy both sides in selecting the action variasbles such as number of
forces, time delays, battletime commitments, priorities, etc.?

b) How does this type of an analysis relate back to the real world?

c) What allocation of forces should each side use in initiating the
battle? For example both red and blue must allocate their units
to the beach and/or inland locations. Both sides must make such
allocetions quantitatively.

d) What time sequence should the amphibious landing force adhere
to in projecting its elements into comiat?

The significant imput variebles to the model based upon the above
scenario are:

a) order of battle ratios - the total number of troops each side has

svellable for the operation

b) firepower - each fighting element's rate of kill per man per hour
; c) " time sequencing of units into the battle
; d) Dbattle priorities
e) unit mobility factors.

The significant output variables are:

a) the number of survivors at the end of the battle
b) the duration of the battle for any threshold of defeat of one side

ro ki
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c) the optir'm allocai.ou s.rateg.es availaole w each side. (That
is, wvhat fraction of the total forces goes across the beach or
deplcyed air mobile as opposed to the defender's allocation of
vhat fraction of his forces in defending the beach as opposed
to the forces kept in reserves to defend sgainst the air mobile
attack?)

d) The natural strategic discontinuity levels, i.e., the areas of
the strategy surface beyond which both sides must play to obtain
strategic optimality.

e) Subeoptimun strategies (restricted within discontinuity lievels),
i.e., areas of the strategy surface, if both sides were constrained
within, strategic optimality cannot be achieved and sub=optimal
strategies become important.

The last two outputs reflect the constraining nature of the real world
situation. Mathematically optimal strategies may not always be achieved
because of the physical constraints of the tactical systems employed;
e.g., landing craft and helicopter capacity, speed of operation, and
duty cycle of the logistic support systems, etc., However, 1t should be
noted that the model does not delineate these constraints directly,

but rather defines the mathematical structure of the decisions made in
terms of natural discontimuity levels on the decision surface. These
discontinuities in turn define the areas in which optimal strategies
would shift violently if the rea. world were for any reason constrained
to operate in these areas only. The strategies derived from this shift
are sub=¢ptimum.

‘We are now in a positinn to discuss some of the details of the solution,

e.g., optimaglity, subepptimality, decision surface, mathematical
structure, etc. The results of 1e battle, as defined above and in
Figure Db, are displayed as a mathematical surface; i.e,, a single
valued function of two variables. The ordinate of the surface is
called the payoff of the game played between blie and red and
represents the number of blue survivors at the time red is destroyed.
This is a function of the fraction of total forces allocated by blue

to air modbile attack and by red in defense sgainst air mobils attack
(see Figire b). Thus, a Payoff metrix is generated which mathematicully
represents a two-dimensional surface for each possible decision of
either side (see Figure b). The height of this surface above the grid
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of decision variables (i.e., the fraction allocated to air mobile attack
and to defense sgainst air mobile attack) indicates the number of survivors
left on the victorious side., This height is defined as positive if ‘
blue wins and negative if red wins. Since blue's payoff is the oppo,gitéﬁ
of red's payoff, and it is logical to expect blue to try to ma.xim:ize the
payoff function while red does its bes* to minimize this same function,

we have & two=person zero=sum game with the allocation fractions for

both sides representing strategic variables, The criteria that will

be used to determine the optimciity of the strategies will be the

min-mex payoff for red and max-min payoff for blue. When min-max equals
max-rin, a pure solution exists, and the payoff corresponding to this pure
solution is called the value of the game. If no such equality exists,
then it can be shown that min-max >max-min, and the only way to get N
equality is to redefine the payoff function as an expected value of
survivors with the players picking their strategic variables (i.e.,
fraction of total forces allocated to air mobile and defending against

alr mobile) according to some probebility distribution. Decisions made

in this manner are called mixed strategies and usually represent marginal
strateglies for the side having to employ them. From the tactical system
design or requiremente point of view, one would never knowingly initiate
an amphibious operation agninst a defending force which dependel upon a
mixed strategy to gain the objective of the operation. This would be
tantamount to having to bluff in order to achieve success. The logical
Plan for an amphibious operation would bc to land with overwhelming
superiority and allow any advantage accrued by the maintenance of

secrecy in initiating the coperation to compensate for faulty threat
intelligence estimates, acis of God (e.g., bad weather that is
unpredictable), etc.

To obtain the game-theoretic solution to the amphidious operation
describved gbove (see Figure a) we first compute the mathematical
surface representing the pa) offs of all possihle allccations for dboth
sides (Figure b). Then we designate the minimum of each rov with

an eliipse snd the maximum of each column with a rectangle (Figure c).
Rlue vill select the maximm of the minimum tagged in the rows while
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red will select the minimum of the maximum tagged in the colums. In
Figure c, when the maximum of the minimum payoff and the minimum of

the maximum payoff occur at the same point, then the value of the game

is defined as the number of survivors of blue/red (positive for blue,
negative for red) located at this point on the surface. The strategies
associated with this point are pure. In most cases the min-max = max-min

\
‘ A
st 1'
.

solution occurs at corners of the matrix.

Once the unconstrained value of the game and associated decision
variables are known, the solutions determined from natural discontinuities
of the surface are genereted. This is sccomplished by placing a
constraint raster first on blue's strategy line starting from the 100% :
allocation decision level and moving the raster toward the 0% ailocation.
For each placement of the raster the matrix is solved for the minemax = 1
max=min solution in the same manner as outlined above, “ut only for

the partitioned matrix (see Figure d) consisting of blue's strategy

line from 0% allocat’ on to the raster and red's unrestricted strategy

line. This sub=optimum solution to the game is then related to the

placement of the raster by noting when the solution changes abruptly

as the raster moves from 100% to 0% allocation. For example, if blue's

unrestricted strategy is to allocate 100% of the fighting elements to

the air mobile or vertical envelopment decislon, the raster is then

placed under the 904 level restricting blue's strategy from 0% to 90%

and the solution to thia restricted game is noted. If the optimum

solution is the 90% allocation of the fighting elements via the air

mobile mode decision, than this is considered to be no change in the

basic strategy. That is, the restricted game still demands that blue

send all his fighting units air mobile even though blue is restricted

by the 90% allocation level. After this determination, the raster

48 then moved to the 80%.allocation level and the restricted game again

solved. If the salution yields the 80% allocation level decision the
raster is moved to the T0% level, etc. In most cases dwring this

process of methodically constraining blue's decision level, the ;~me
theoretic solution vill abruptly change to yield an optimum decision
othar than the maximm possible fighting units going air mobile. The

e T
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position of blue's constraint raster vhen such an abrupt decision occurs
is then recorded and the associated subeoptimum strategy .cstricted
within this partitioned matrix is called a natural strategic discontinuity
level. The physical meaning of such sub=-optimum strategies is that

if for any physical reason blue cannot send 100% of his forces air
mobile (the optimal policy), at what level of decision cobstraint must
blue change his tactics completely concerning a given m.de of attack.
Therefore, the natural strategic discontinuity level represents a
threshold in blue's strategic thinking, above which blue will attack in
the vertical envelopment mole with all tie fighting elements he
physically can get air mobile, and below which he will use the ’
subeoptimm strategy based upon the solution of the partitioned matrix.
An example of this threshold from the real world would be the decision
of a commander not to send an air mobile strike in support of an
across-the-beaach operation if he felt. that the air mobile forces would
not be able to act as a fighting unit during the time necessary for the
main body of forzos from the beach to Join with the air modile group
for projecting the buttle inland. There are many historical incidences
of comaonders in World War II and in the Korean War making this type of
decision.

It is significant that the mathematical model used for this problem
contains such a threashold without the analyst being aware, a priori,

of its presence. This tends to confirm the validity of the rodel as

s realistic absiraction of the asmphidiocus operation. It vill also dbe
interesting to see ~ the quantification of these thresholds as a function
of the various imputs to the model tabulated above would yield significant
information that could be used in the design and analysis of present,
presently planned and future tactical systems.

Oet.ting back to the forrml development of the Problem Illustration,
evexything said about dlue's constrair’. rester vis-a=vis r:d is equally
true for rea 3 constraint raster vis-a-vis blue (see Figure d). And
finally, ouce both blue's and red's natural strategic discontinuity
levels are known, & solution to the game is obtained dy solving the
partitioned payoff matrix with each player operuting within his naturel
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congtraints at the same time, Figure 4 shows this decision surface
as the area in the upper leit hand cormer of the matrix,

LBy, i, N o st
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tions, in which outputs cbtained from such aralysis would lead, by implication,
to recommendations for reguirements for surveillsnce, firepower, force size,
logistics, and compand and control subsystems.

Scope of Study: Two phases of .limited war amphibicus cperations are analyzed for
the long rarge perioed:

(a) The sssault

(b) The st-tegic basing of limited war forces.

The assault phase includes the deployment of trvops, during an amphibious operas
tion, & ~oss the beach and/or via the vertical euvelopment mode against the
opposition of the defense. The strategic vasing phase includes the deployment
of tactical forces throughout the world and the requirements placed upon such
deployment as a function of the campaign objectives pertinent to the many ¥
potential tleatre of operations.
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t. ORIGINATING ACTIVITY: Eanter the nsme and addresa
of the contractor, subcontractor, grantee, Depertmont of De-
fenae activity or other organixation (comperste suther) issuing
the report.

2a. REPORT SF™'™ITVY CLASRIFICATION: Eater the oves
all security cleasificetion of the rapert. Indicsts whether
“’Restricted Dita” is inciudsd. Marking iz to be in sccord-
ance with appropriste securhty regulaticus.,

25, GROUP: Automatic downgrading is apecified in DoD Di-
rective $200. 10 and Armed Forces Industrial Manuatl, Enter
the group number. Also, when applicable, show that optiona!
mmd. ¢ have been nded for Group 3 sad Group 4 as author-

3. REPORT TITLE: Enter the complete report title in all

capital lettern. Titles in all cases chould be unclassified.
If & meeningful title cannot be selectod without clazsifice-

tion, show title clessificetion in ali capitajs in parenthesis
immediately foliowing the title.

4. DESCRIPTIVE NOTES: [f sppropriate, entar the type of
saport, o.g., interim, progress, summaery, annual, or final, .
Give the inclusive dotes when a specific reporting period is
covered. >

S, AUTEOR(SX Enter the name(s) of suthor(s) ss showsi on
or in the report. Eater lest name, first name, middlie initial,
It ailitery, whow rank and branch of service. The nsme of
the principal apt e is an ehsolute minimum requirement,

6 REPORT DATL: Ewmer tie dute of the report as day,
morth, year; or month, yesn I more thea one date sppears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The tota! page count
should follow normal pagination procedures, i.e., enter the
marber oF pages cordoining information

76 NUMBER OF REFERENCES Ester the total number of
references cited in the report.

80. CONTRACT OR GRANT NUMBER: If sppropriate, enter
the appliceble number of the contract or grant under which
the report was written

8b, &2, & 8d. PROJECT NUMBER: Enter tne appropriate
military depertmant identification, such as project swmber,

subproject number, system numbers, task number, etc.

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
clal report number by which the document will be identified
and control' 4 by the origiastiry ectivity. This oumber swist
be unique to this repert,

95. OTHER REPORT NUMBLR(S): If the report has been
sssigned eny other report musbers (either by the originato.
or by the sponsoe), aleo enter this sumber(s).

10. AVAILABILITY/LIMITATION NOTICES: Eoter acy Hm-
itetions e fwther disosmination ¢/ the report, other than

IRSTRUCTIONS

imposed by security classification, using stendard statements
such as:

(1) **Qualified requesters may obtsin copies of this
report from DOC. "

(2) ‘“Foreign announcemant end dissemination of this
report by DDC is not authorized.”’ .

(3) U S Government agencies may obtain copies cf
this report directly from DDC, Other qualified DDC
users shall request through

(4) **U. 8, military agencies may obtein copies of this
report directly from DDC. Other gqualified usérs
shall request through

(5) ‘Al distribution of this report is controfied Qual-
ified DDC users shall request through

I{ the report has byen furnished to the Office of Technicsl
Services, Depastment cf Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11, SUPPLENENTARY NOTES: Use for sdditional exzlans-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or 1aboratory sponsocing (pay- -
ing for) the research and development. Include address.

13. ABSTRACT: Enter an sbstract giving a brief and factual
suminery of the document indicative of the report, even though
it may also appoar elsewhers in the body of the technical re-
port. If additions! space is required, a continuation theet shall
be attached.

It is highly desirable that the abstract of clasaified reports
be unclassified. Each paragraph of the abetract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS). (3), (C), or (U).

. There is no limitation on the length of the abetract. How-
aver, the suggested longth is from 150 to 225 words.

14. KEY WORDS: Kesy words are technically meaningful terms
or ghort phrases that characterize s report and may be used as
index entries for cataloging the report. Key words must be

sele ted so that no security classification is required. Identi-
fisrs, such as equipment model designation, L.ade name, nilitary
project code name, geogrsphic location, may be used as key
words but will be followed by en indicetion of technical con-
toxt. The assigameat of Links, reles, and weights is optional.
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